For many years our thoughts on gastric physiology with regard to the pylorus have been dominated by the fact that it was generally accepted that the function of the pylorus was to control gastric emptying. However, in recent years it has been pointed out by several authors that its importance lies in the prevention of duodenal reflux. This reflux may cause changes in the stomach and mucosa in an acute form, i.e. multiple erosions causing acute bleeding (which I have observed three times where the stomach at gastrotomy was full of bile), or in a chronic form, i.e. chronic gastritis and the ultimate development of gastric ulcer. The effects of duodenal reflux can be identified as a functional alteration, as a histological change or by altered secretion (sodium ion being replaced by hydrogen ion).
We started this work in 1960 when we were not especially interested in gastric ulcer but rather in developing some method of defining the pyloric antrum quickly and easily so that it could be completely and accurately excised at operation for duodenal ulcer. It occurred to us that the antrum secreted a mildly alkaline juice, and could therefore be outlined by a pH meter and separated from the acid fundus in this way. Rather to our astonishment we found that in duodenal ulcer the alkaline area was small whereas if the patient had a gastric ulcer the alkaline area was very large, indeed it might involve almost the whole of the stomach. I operated on about 200 cases and found a striking difference in the stomach as between duodenal ulcer and gastric ulcer cases; this was easily shown when a pH electrode was applied to the mucosa. We tried to map out the alkaline area in each case. So as to map the alkaline and acid areas accurately, we soon learnt to plot the extent of each on a 1 cm grid around the lesser curve from pylorus to cardia (Capper 1967) .
In 1964 Lawson carried out a series of operations on dogs in which duodenal juice was allowed to be in contact with the stomach mucosa both by gastroenterostomy (Billroth I) and by Polya gastrectomy. He showed conclusively that bile or pancreatic juice, entering the stomach separately or together, for 100 days cause superficial gastritis, atrophic gastritis and greatly increased mitotic activity. Such changes do not take place when the duodenal contents are prevented from entering the stomach by a Roux-en-Y.
We were able to show that a similar sequence occurred when gastroenterostomy (Billroth I) or Polya operations were done in man. Later a patient on whom a Roux-en-Y had been done had to have a vagotomy; she had no alkaline area in her stomach at all (Capper et al. 1966 ).
We soon found that the area which we described as the alkaline area was nothing other than an area of gastric mucosa which was showing the changes of gastritis due to regurgitation of duodenal juice, and that where an ulcer occurred it did so at the proximal part of the alkaline area, close to the acid area where regurgitation ceased (Oi etal. 1959 ).
Since this, Davenport (1968) has shown that when bile passes over the gastric mucosa, the mucosal barrier is destroyed so that the mucosa becomes permeable; the acid secreted by the oxyntic cells does not pass into the lumen and there is a back-diffusion of acid. In more than 200 cases we were able to show the gastric ulcer occurring in an alkaline mucosa which was involved in an area of gastritis. Moreover, when a gastric ulcer heals, it does not do so until regurgitation ceases and the mucosa begins to secrete acid again; the gastritis then begins to heal.
It has been known for many years that bile is a solvent of mucus and that if bile is continuously present the gastric mucosa is more or less denuded of its layer of protective mucus. It is in this area bathed alternately in bile and acid that the ulcer is likely to occur. If anti-reflux mechanisms are important, the incidence of bile constituents in gastric aspirates becomes of some interest. When present in excessive amounts there is likely to be some abnormality of the anti-reflux mechanism.
Work in this field may be summed up as follows: Studies of bile content in gastric aspirate are an approximate guide to the incidence and quantity of reflux. As Beaumont observed in 1833, bile is never found in the gastric cavity in a state of health. He noted that it only appeared under the influence of violent passion, when the pyloric antrum was irritated by a tube or thermometer pushed against it and when the hand was pushed over the region of the duodenal cap or the gall-bladder. We must notice that the presence of a stiff tube irritating the antrum is enough to produce reflux, and it is of some importance, when studying reflux phenomena, to reduce mechanical factors to a minimum. Observations from various sources suggest that there is a higher incidence of staining of gastric aspirates in gastric ulcer, in gastritis and in some cases of duodenal ulcer than in health. Pickering & James (1949) found that bile-stained gastric aspirate was commoner in patients with gastric ulcer than in healthy controls. Watkinson (1951) observed that bile staining was invariably present in cases of gastric ulcer where nocturnal neutralization had occurred. Moreover, he noted that when the gastric ulcer was healing, bile staining ceased. This fact has been noted by four separate observers.
We admitted four consecutive gastric ulcer cases to hospital and treated them by absolute bed-rest. Bile staining ceased in a week, likewise regurgitation as shown by the pyloric regurgitation test. Du Plessis (1965) studied fasting gastric aspirates for bile acid conjugates and found evidence of reflux in all cases of gastric ulcer and in some cases of duodenal ulcer. Sun (1963) reported that bile was rarely present in the fasting residues of the normal nondyspeptic stomach, but was seen in 40 % of duodenal ulcer cases. K G Buckler (personal communication 1965) found bile to be present most often in gastric ulcer cases and least often in controls. It was present in 98% of 49 cases where a gastric ulcer was present. Duodenal ulcer cases occupied an intermediate position. Rhodes et al. (1968) , using a 14C labelling technique, studied gastric bile salt concentrations after food in 10 patients with gastric ulcer, matched for age and sex with 10 nondyspeptic controls. A significant difference was found, there being higher bile salt concentrations after food in the gastric ulcer group. In 3 out of 4 patients studied after healing of the ulcer, bile salt concentrations had returned to the normal range.
It may be concluded that actual biliary reflux is much commoner in the diseases associated with gastric mucosal damage than in health. Siurala & Tawast (1958) investigated the occurrence of sodium taurocholate and other bile components in the gastric contents. The incidence of chronic gastritis was significantly increased in amount in patients with bile constantly present in the stomach. My friend the late Professor H A Magnus (personal communication 1963) confirmed that every gastric ulcer whether simple or malignant was surrounded by an area of gastritis. We were then able to confirm Lawson's findings as to the histology of this area. Microscopically gross changes were shown which, in the main, were: (1) epithelial proliferation and ulceration; (2) intense atrophic gastritis; (3) greatly increased mitotic activity. In other words, the alkaline area which we had plotted so carefully was nothing other than marked gastritis occurring where bile had regurgitated from the duodenum. This was present in every gastric ulcer observed.
The pylorus has been studied extensively in relation to gastric emptying, so that its role as a pump and filter are clearly established. Little has been done to ascertain its role in the prevention of reflux from the duodenum. We are obliged to Johnson (1961) and Edwards (1961) for much of this evidence. In Edwards' picture of the gastroduodenal junction we can note fibres of the longitudinal muscle turning in to their insertion in the pyloric ring. These fibres are clearly designed to open the pylorus around the approaching antral food bolus, suggesting that during digestion the pylorus is frequently closed. We have found that the pylorus can act as a one-way valve, and also that duodenal filling and activity is a stimulus to pyloric closure. This was discovered in dogs by Crider & Thomas in 1937 . We have also found that posture has a significant effect on pyloric closure and duodenal motility and, in particular, that (1) the efficiency of pyloric closure as an anti-reflux mechanism is greatly enhanced by the supine position; and (2) the maximal rate of duodenal contractions is significantly reduced in the supine position compared to the erect.
Pyloric Regurgitation Test
In order to investigate more thoroughly the control of reflux we introduced a test (pyloric regurgitation test) in which barium could be put into the first and second parts of the duodenum and any reflux into the stomach clearly demonstrated. A soft rubber tube with a 3 mm diameter and 1-5 mm bore, containing a marker and a mercury weight with an orifice which could be exactly located was introduced into the duodenum so that barium could be freely passed and its effect noted.
Using this method, Mr John Kilby and I have looked at pyloric closure in response to duodenal filling and activity in over 400 cases; 42 of these were nondyspeptic and they showed complete competence of the pyloric valve. When a gastric ulcer becomes painless and heals, regurgitation stops. The presence of a fine tube does not make a normal pylorus incompetent unless vigorous traction is applied and it has been found better to leave the tube in position throughout the test. This standardizes the test, is more comfortable for the patient and facilitates constant introduction of barium. We believe that the final sealing of a lightly closed pylorus is brought about by apposition of its mucosal folds producing an adequate anti-reflux barrier. Such closure is sufficient to prevent reflux since the pressure gradients are small in this situation (Capper 1967) .
Incompetence
Incompetence of the pylorus may therefore be due to:
(1) Infiltration with carcinoma causing marked deformity of the valve. Regurgitation in such cases of course has been observed for many years and is a marked feature on barium meal examination. It is surprising how often, with carcinoma of the pylorus, a secondary simple gastric ulcer is present. Entirely apart from this, we have observed in 21 consecutive cases that carcinoma of the stomach is accompanied by regurgitation of bile. We rejected cases where carcinoma occurred in the region of the pylorus or antrum. We cannot explain this but merely report it as an observation.
(2) Fibrosis and scarring following ulceration of the first part of the duodenum, especially when such scarring occurs close to the pyloric valve. Twenty such cases were seen and all were grossly incompetent. This duodenal deformity is persistent. The gastric ulcer is likely to perforate or bleed and will not permanently heal; such an ulcer demands surgery.
(3) The incompetence may be present in a histologically and structurally normal pylorus; there is no accompanying pyloric scarring. The patient is usually fatigued, old and anmemic. All we can say is that the valve is tired and the incompetence will usually recover with three to six weeks' bed-rest in the completely horizontal position. Under such a regime, regurgitation will usually cease and the mucosal defect will gradually heal. If it does not, the patient must lie flat for half an hour or more immediately after all main meals. It is usually advisable to tell housewives with the condition to wash up not after a meal but before the next meal.
Why then does pyloroplasty not increase regurgitation and cause a gastric ulcer to be persistent? We do not know the whole answer to this but are studying it in detail. It is certain from the post-pyloroplasty films that cap systole disappears and there is much less reflux than occurs with an ordinary incompetent pylorus. Cap reflux of duodenal juice through a narrowed nozzle caused by a scarred duodenum is usually a powerful squirt. In this way, the mechanics of gastric emptying are altered, so that mixing is reduced and very often barium is retrojected through the gaping pylorus slowly; it does not stay in the stomach for long but gradually flows out. On the other hand, the intact pylorus closes in front of the advancing wave of gastric peristalsis causing powerful gastric retropulsion. After pyloroplasty antral contents are therefore evacuated rather than mixed. It is likely, therefore, that after pyloroplasty the amount of reflux is much less and it is more efficiently evacuated rather than mixed with gastric contents.
Summary and Conclusions
(1) Pyloric closure in response to duodenal filling and activity produces, in health, an adequate anti-reflux barrier. This mechanism is significantly less efficient in the dyspepsias, particularly in gastric ulcer and those conditions associated with gastric mucosal disease.
(2) The supine position, compared to the erect, is associated with increased efficiency of pyloric closure and slower duodenal contraction rates.
(3) The work as a whole supports the concept that duodenogastric reflux is abnormal and may be a factor both in the etiology of gastric mucosal disease, and in the symptomatology of dyspepsia.
